® 




EuropsMsches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number: 0 498 1 84 A2 



© Application number: 92100667.2 
© Date of filing: 16.01.92 



EUROPEAN PATENT APPLICATION 

© int. ci. 5 : G02F 1/35, C08F 20/06 



© Priority: 06.02.91 JP 35008/91 


Mitsubishi Petrochemical Co., Ltd., 8-3-1, 


23.08.91 JP 235627/91 


Chuo 


© Date of publication of application: 


Aml-machl, Inashlkl-gun, Ibarakl-ken(JP) 


Inventor: Nakajima, KenJI, c/o Tsukuba 


1Z0&92 Bulletin 92/33 


Research Center 


© Designated Contracting States: 


Mitsubishi Petrochemical Co., Ltd., 8-3-1, 


Chuo 


DE FR QB 


Aml-machl, Inashikl-gun, Ibarakl-ken(JP) 


© Applicant MITSUBISHI PETROCHEMICAL CO., 


Inventor: Sea, Iwao, c/o Tsukuba Research 


Center 


LTD. 


Mitsubishi Petrochemical Ca, Ltd., 8-3-1, 


5-2, Marunouchi 2-chome 


Chuo 


Chlyoda-ku Tokyo(JP) 


Aml-machl, Inashikl-gun, Ibaraki-ken(JP) 


© Inventor: Kishimoto, Manabu, c/o Tsukuba 




Research Center 


© Representative: Hansen, Bernd, Dr. 


Mitsubishi Petrochemical Co., Ltd., 8-3-1, 


Dipl.-Chem. et al 


Chuo 


Hoffmann, Eltle & Partner Patent- und 


Aml-machl, Inashikl-gun, Ibarakl-ken(JP) 


Rechtsanwalte Arabellastrasse 4 Postfach 


Inventor Oda, Atsushi, c/o Tsukuba Research 


81 04 20 


Center 


W-8000 MUnchen 81(DE) 



© Organic nonlinear optical material. 

© There is disclosed an organic nonlinear optical material which comprises a polymer having the following 
constitutional units, in amounts of 5 to 100 mole % of (I) and 0 to 95 mole % of (10. and a weight average 
molecular weight (Mw> of the polymer being 10,000 to 2,000.000. 
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wherein the symbols represent the same meanings as defined in the specification. 
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A nonlinear optical element has large nonlinear optical effect and yet is excellent in molding processabllity 
so that it can be widely applied to the filed of optical processings. 
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BACKGROUND OF THE INVENTION 

This invention relates to an optical material useful as an optical element used for optical communication 

and a field of optical information processing, particularly to an organic nonlinear optical material having a 
5 nonlinear optical effect and excellent in mechanical strength and molding property. 

In order to apply laser beam to optical communication, optical information processing and optical 

processing, an optical element having various functions such as deflection, modulation or wavelength 

conversion is required. As such an opticaJ element which assumes a role of the core, an optical material 

having a nonlinear optical effect has been known, 
to As the nonlinear optical material, research has been mainly carried out with respect to inorganic 

crystalline materials such as UNbOa, UIQ, KH2PO4 and GaAs. 

However, these inorganic crystalline materials have involved the problem that a response more rapid 

than picosecond is difficult since an electron participating in chemical bonding between atoms or ions 

causes lattice vibration in response to light and also involved the problem that a breakage threshold level 
75 thereof to a strong laser beam is tow and is MW/cm 2 order. Also, these inorganic crystalline materials are 

generally used as a single crystal so that mechanical strength, particularly impact strength is a little 

whereby various defects such as bad molding processability are involved. 

Also, as a nonlinear optical material, there have been known organic molecular crystalline materials 

such as urea, p-nrtroaniline (p-NA) and 2-methyM-nitroaniline (MNA). These organic molecular crystalline 
20 materials have a large nonlinear optical effect caused by nonlocafized * electron in the molecule and due to 

this electron polarization, they do not accept any effect from lattice vibration so that they show more rapid 

response and higher optical breakage threshold level than those of the inorganic crystalline materials. 

These organic molecular crystalline materials are, however, also required to be a single crystal as in the 

inorganic crystalfine materials in order to obtain a large nonlinear optical effect. Thus, those having high 
25 characteristics are insufficient in mechanical strength and thermal stability so that there involved drawbacks 

that their handling is extremely difficult and moldability is poor when molding them into, for example, an 

optical fiber or film. 

SUMMARY OF THE IVNENTION 



An object of the present invention is to provide an organic nonlinear optical material having a large 
nonlinear optical effect and excellent in molding processability. 

An organic nonlinear optical material of the present invention comprises a polymer having the following 
constitutional units, in amounts of 5 to 100 mole % of (I) and 0 to 95 mole % of (II), and a weight average 
35 molecular weight (Mw) of the polymer is 1 0,000 to 2,000,000. 
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wherein m represents an integer of 1 to 10, n represents 0 or 1, X represents 



50 



3 



BNSOOOOt <EP 04S61MA2J_> 



EP0 4981S4A2 



10 



16 



20 



25 



30 



35 



46 



or 



where Y represents hydrogen, fluorine, chlorine, bromine, iodine, -NO2, -CN, -CF 3 or -S02-CpH2 P+1 , and A 
represents -NO2, -CN, -CF 3 or -S02-CpH2 pM where p represents an integer of 1 to 10, 

CN 
I 

-{C-CH2-CH-CH2*- ( II ) 

CN °~^~\ 7" 0H 



BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a 1 H-NMR chart of the polymer obtained In Example 1, and Fig. 2 is a 'H-NMR chart of the 
polymer obtained in Example 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the following, the present invention will be described in detail. 

The polymer to be used in the present invention comprises 5 to 100 mole %, preferably 50 to 100 mole 
%, more preferably 80 to 100 mole % of the unit (1) and 0 to 95 mole %, preferably 0 to 50 mole %', more 
preferably 0 to 20 mole % of the unit (II). 
40 A weight average molecular weight of the polymer (polymer mixture) to be used in the present invention 
is 10,000 to 2,000,000, preferably 500.000 to 1,000,000. 

Next, the process for producing the polymer to be used in the present invention is to be described. 



(Preparation method of the polymer) 

The polymer to be used in the present invention can be synthesized by, for example, the following 
three steps ol {if a polymerization process, (2) a hydrolysis process and (3) a process of introducing optical 
effective group (a group functional to light). 

50 (1) Polymerization process 
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wherein R 1 represents an alkyl group. 



Vinylidene cyanide and vinyl p-alkylcarbonyloxybenzoate are copolymerteed in the presence of a 
radical initiator to synthesize a vinylidene cyanide-vinyl p-aikylcarbonyloxybenzoate copolymer. 
25 The polymerization reaction can be carried out by the conventional manner. 

The vinylidene cyanide-vinyl p-alkylcarbonyloxybenzoate copolymer which is a starting material of the 
copolymer to be used in the present invention may be an alternative copolymer or a random copolymer, 
preferably an alternative copolymer of 1 : 1. 

A molecular weight of the vinylidene cyanide-vinyl p-alkytcarbonyioxybenzoate copolymer is preferably 
30 1 0,000 to 2,000,000, more preferably 500,000 to 1 ,000,000. 

(2) Hydrolysis process 
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wherein R 1 has the same meaning as defined above. 



The resulting vinylidene cyanide-vinyl p-alkytcarbonyloxybenzoate copolymer is hydrolyzed by an acid 
or a catalyst to give a deacylated compound. 

As the acid to be used here, there may be mentioned, for example, hydrochloric acid, sulfuric add, 
acetic acid end trifluoroacetic acid. These acids may be used singly or in combination of two or more. 

These acids may be used by mixing with a solvent such as sulfolane, an alcohol including methanol 
and ethanol, and water. 
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As the catalyst as mentioned above, there may be mentioned, for example, a sllane compound such as 
phenyl silane, and a tin compound. 

A reaction temperature of the hydrolysis may be 60 to 100 # C and a reaction time may be several 
hours to several ten hours. 
5 A hydrolysis ratio may be 80 to 100 %, preferably 95 to 100 %. 

(3) Process of introducing optical effective group 
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wherein m, n, X and A have the same meanings as defined above. 



30 The copolymer to be used in the present invention can be obtained by dissolving the resulting 
copolymer In an organic solvent such as sulfolane again, adding a base such as pyridine or triethylamine to 
the solution and then heating it with a nonlinear optical compound to be introduced. 

As the nonlinear optical compound to be introduced, there may be mentioned, for example, p- 
nitroaniline and derivatives thereof, 4-nitrobiphenyl derivatives, 4-nitrostilbene derivatives, derivatives of 
35 "Disporse Red 1" (trade name, available from Aldrich Co.) and p-nitroisocyanate derivatives. 

A ratio of the nonlinear optical compound to be incorporated into the copolymer may be 5 to 100 % t 
preferably 50 to 100 % based on phenol in the copolymer. 
A temperature to be heated is preferably 50 to 100 ■ C. 



40 (Organic nonlinear optical material) 

When a shape of the organic nonlinear optical material of the present invention is a film or sheet, it is 
preferred to stretch to 2- to 6-fold in order to heighten its orientation property. As the stretching method at 
that case, mechanical monoaxial stretching or biaxial stretching is preferred. 
45 In the organic nonlinear optical material of the present invention, its nonlinear optica) effect can be 
enlarged by electrically polarizing the molded material which is molded to a desired shape such as a film, 
sheet or fiber. 

As the method of polarizing electrically, for example, in the case that the organic nonlinear optica) 
material is a film or sheet shape, there may be mentioned the method in which metal films as electrodes 
so are adhered to both surfaces of the film or sheet and a voltage is applied thereto. 

As an electrode to be provided to the organic nonlinear optical material, there may be mentioned a 
metal foil, a metal plate, a conductive paste or a metal coated film formed by chemical plating, vacuum 
deposition or sputtering. 

Trie voltage to be applied to the electrodes may be 10 kv/cm or more and an electric field strength of 
65 not causing insulation breakage or so, preferably 100 to 1 ,500 kv/cm. 

A time of the polarizing process is not particularly limited and may be 10 minutes to 5 hours, preferably 
10 minutes to 2 hours. 

A temperature of the polarizing process may be, when the glass transition temperature of the organic 

6 
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nonlinear optical material to be processed Is Tg * C, Tg « 20 • C to Tg + 20 • C. preferably Tg - 5 • C to 
Tg + 5 *C. 

Also, when the organic nonBnear optical material is formed by the spin coat method, there may be used 
the method in which the organic nonlinear optical material obtained by spin coating on a NESA glass and 
then drying under reduced pressure is polarized by using a usual corona discharging. 

In the following, the present Invention will be described in more detail by referring to Examples, but the 
present invention is not limited by these Examples. 

Example 1 



10 



Synthesis of polymer to be used for organic nonlinear optical material 

(1) Hydrolysis of vinylidene cyanide-vinyl p-acetoxybenzoat© copolymer 

16 In 500 ml of sutfolane was dissolved at 80 # C 10 g of vinylidene cyanide-vinyl p-methylcarbonylox- 
ybenzoate copolymer prepared according to the conventional manner, and a mixture of 25 ml of 
trifluoroacetic acid and 50 ml of hydrochloric acid was added thereto. The solution was stirred at 80 ■ C for 
10 hours. 

After completion of the reaction, the reaction mixture was poured into water and precipitated 
20 hydrolyzate was collected by filtration and washed with water repeatedly until washings became neutral. 
Next, drying under reduced pressure was carried out at 70 to 80 *C to obtain 7.7 g of a hydrolyzate 
represented by the formula shown below as white powder. 

An average molecular weight (Mw) of the vinylidene cyanidevinyi p-acetoxybenzoate copolymer was 
500,000. Identification of the resulting hydrolyzate was carried out by 'H-NMR (400 MHz; DMSO-dc). As the 
25 results, it can be found that hydrolysis ratio at the ester portion of the vinyl benzoate unit was 100 %. 

r 
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CN O-C-^ VOH 
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(2) Synthesis of optical effective group 
<o Synthesis of 4-(ethoxycarbonylmethoxy)-4'-"itrobiphenyl 



/] — ^. * — BrCH2COOEt 
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In 100 ml of N.N-dlmethylformamJde were stirred 10 g (0.040 mole) of a potassium salt of 4-hydroxy-4'- 
nltroblphenyl synthesized according to the method of Thomas M. Leslie et al. (Mol. Cryst Liq. Cryst, 153, 
55 451 (1987)) and 7 g (0.041 mole) of ethyl bromoacetate (produced by Tokyo Kasel K.K.) at 100 *C for 30 
minutes to obtain 9.4 g of a desired compound as yellow crystal, m.p. 99 to 100 'C. 

Synthesis of 4^ydroxy rarbony tmethoxy H' -nfrobi pheny I 
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In 100 ml of ethanol was dissolved 5 g (0.0168 mole) of ^(ethoxycarbonylmethoxyH'-nltroblphenyl, 
and a solution of 0.7 g (0.0175 mole) of sodium hydroxide dissolved in 20 ml of water was added thereto. 
The mixture was stirred at 50 *C for 1 hour to obtain 4.4 g of a desired compound as yellow crystal, m.p. 
*6 201 to 202 m 0. 

Synthesis of acid chloride of 4-(hydroxycarbony?methoxyH > "nltrobiphenyl 

r.*jF\jT\ <C0C1) 2 

02N-V W VocH 2 cooH 




2 5 0 2 N-«f W >-OCH 2 COCl 



00 A mixture of 15 g (5.0 x 10~ 3 mole) of ^(hyclroxycarbonylmethoxyH'-nitrobiphenyl, 10 ml of oxalic 
acid chloride and 10 ml of benzene was reacted at 80 # C for 2 hours to obtain acid chloride of a desired 
compound. 



(3) Introduction of optical effective group into hydrolyzate 



In 50 ml of sutfolane was dissolved 1 g of the hydrolyzate of the above vinylidene cyanide-p- 
methylcarbonyloxybenzoic acid copolymer at 80 * C. To the solution was added a solution of 1.59 g of the 
acid chloride obtained in the above (2) dissolved in 10 ml of sutfolane and further added 0.4 g (5.1 x 1(T 3 
mole) of pyridine. The mixture was stirred at 80 'C for 1.5 hours. Next, the reaction mixture was poured 
40 into methanol, and a polymer precipitated was collected by filtration and washed with methanol several 
times, followed by drying under reduced pressure, to obtain 1.2 g of a polymer represented by the formula 
shown below. 

This polymer had a glass transition temperature of 173 ' C. A molecular weight of the resulting polymer 
was measured by using GPC (gel permeation chromatography) and N»N-dimethylformamide as a solvent 
45 and as the results, the polymer had a molecular weight (Mw) of 480.000. 

*H-NMR chart of the resulting polymer is shown in Fig. 1. A ratio of each unit of the polymer 
determined based on the result Is shown in the following structural formulae. 
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Example 2 

20 

(1) Synthesis of optical effective group 
Synthesis of 4-ethoxymethoxybenzaldehyde 

25. 
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35 In 500 ml of N,N-dimethylforamide was dissolved 100 g (0.82 mole) of hydroxy benzaldehyde (produced 
by Wako Junyaku K.K.), and t35 g (0,98 mole) of potassium carbonate was added thereto. The mixture was 
stirred at 50 *C for 2 hours. To the mixture was added 116 g (122 mole) of chloromethyl ethyl ether 
(produced by Tokyo Kasei K.K.), and the mixture was further stirred for 2 hours to obtain 125 g (yield: 84.7 
%) of a desired compound as colorless oil. 

40 b.p. 97 to 101 •C/0.05mmHg. 

Synthesis of ^ethoxymethoxyH'-n^ostilbene 
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In 1,000 ml of ethanol was dissolved 100 9 (0.35 mole) of diethyl p-nitrobenzylphosphonate synthesized 
20 according to the method of Yamaguchi et al. (Japan Chemistry Magazine, vol. 91, No. 4, pp. 390 to 392. 
1970). 

To the solution was carefully added dropwise 8 g of sodium dissolved in 400 ml of ethanol under ice- 
cooling. Next, after the mixture was allowed to stand until a temperature thereof became room temperature 
and stirred for a while, a solution of 64 g (0.35 mole) of 4-ethoxymethoxybenzatdehyde synthesized in the 
25 above reaction dissolved in 200 ml of ethanol was added dropwise thereto. 

The resulting solution was stirred al room temperature for 10 hours to obtain 80 g (yield: 76 %) of a 
desired compound as yellow crystal, m.p. 65 to 67 • C. 



Synthesis of 4-hydroxy-4'-nitrostilbene 

30 



35 



40 



0 2 N-^^CH=CH^^-0; 



A mixture of 28 g (0.094 mole) of 4-(ethoxymethoxyH'^*itrostilbene obtained in the above reaction, 28 
ml of hydrochloric add and 280 ml of tetrahydrofuran was stirred at room temperature for 2 hours to obtain 
18.3 g (yield: 81 %) of a desired compound as yellow crystal, m.p. 212 to 214 • C. 

45 

Synthesis of 4-(ethoxycarbonylmethoxyH > -nitrostilbene 
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To a solution of 20 g (0.083 mole) of 4~hydroxy-4 , -nttrostilbene obtained In the above reaction dissolved 
in 200 ml of N,N-dtmethylformamide was added 20 g (0.145 mole) of potassium carbonate, and the mixture 
was stirred at 50 'C for 1 hour. Then, a solution of 15 g (0.09 mole) of eihyl bromoacetate (produced by 
Tokyo Kasei K.K.) dissolved in 50 ml of N.N-dimethylformamide was added thereto, and the mixture was 
further stirred for 1 hour to obtain 18 g (yield: 68 %) of a desired compound, m.p. 113 to 1 15 * C. 

Synthesis of 4-(hydroxycart>onyJmethoxyH > ^ftrostilbene 



20 



0 2 N CH 2 COOEt 



70 /7~^\ /7~~\ NaOH 

>. 



02N-^^^CH«CH-^^^-OCH 2 COOH 



To 5 g (0.0153 mole) of 4-(ethoxycarbonylmethoxy)-4 , -nitrostilbene obtained in the above reaction 
suspended in 400 ml of ethanol was added a solution of 1 g of sodium hydroxide dissolved in 100 ml of 
water, and the mixture was stirred at 80 *C for 30 minutes to obtain 3.1 g (yield: 68 %) of a desired 
25 compound as yellow crystal, m.p. 21 9 to 221 * C. 

Synthesis of acid chloride of 4-(hydroxycarbonylmethoxyH'-nitrostilbene 

(COCl) 2 
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40 A mixture of 13 g (5 x 10~ 3 mole) of 4-(hydroxycarbonylmethoxyH l 'nitrostiIbene obtained in the above 
reaction, 4 ml of oxalic acid chloride and 20 ml of sutfolane was stirred at 80 *C for 1.5 hours. Then, 
benzene was added thereto, and excessive oxalic acid chloride was removed by azeotropy to obtain a 
sutfolane solution of acid chloride. 

45 (2) Introduction of optical effective group into hydrolyzate 

The procedures were carried out in the same manner as in Example 1 except for using the acid 
chloride of ^hydroxycarbonylmethoxyH'-nilrostilbene obtained in the above reaction as an introducing 
effective group to obtain 1.07 g of a polymer represented by the formula shown below. This polymer had a 
50 glass transition temperature of 190 • C. 

A weight average molecular weight (Mw) of the polymer measured by using GPC was 520,000. 

A ratio of each unit of the resulting polymer determined based on the result of 1 H-NMR chart of the 
polymer is shown in the following structural formulae. 
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Example 3 

20 Each polymer synthesized in Examples 1 and 2 was dissolved in dimethylsulfoxide, respectively, and 
each solution was coated on a NESA glass by spin coating and dried under reduced pressure to obtain a 
thin film. Corona polarization was subjected to the spin coat film. 

With regard to the spin coat film thus polarization processing, measurement of secondary nonlinear 
optical constant (dta) was carried out according to the method of Jerphagnon et al. (J. Appl Phys.. 41. 
25 1967(1970)). — 
The results are shown in Table 1. 

Table 1 





Polarization 
temperature ("C) 


Secondary nonlinear optical 
constant cb 3 (pm/v) 


Polymer of Example 1 
Pofymer of Example 2 


180 
200 


31 
35 



Example 4 

^ Synthesis of polymer to be used for organic nonlinear optical material 

(1) Hydrolysis of vinylidene cyanide-vinyl p-acetoxybenzoate copolymer 

In 500 ml of suffolane was dissolved at 80 *C 10 g of vinylidene cyanide-vinyl p-methylcarbonylox- 
ybenzoate copolymer prepared according to the conventional manner, and a mixture of 25 ml of 
trifluoroacetic acid and 50 ml of hydrochloric acid was added thereto. The mixture was stirred at 80 'C for 
10 hours. 

After completion of the reaction, the reaction mixture was poured Into water and precipitated 
hydrolyrate was collected by filtration and washed with water repeatedly until washings became neutral. 
M Next, The hydrolyzate was dried under reduced pressure at 70 to 80 *C to obtain 7.7 g of a hydrolyzate 
represented by the formula shown below as white powder. 

An average molecular weight (Mw) of the vinylidene cyanidevinyl p-acetoxybenzoate copolymer was 
500,000. Identification of the resulting hydrolyzate was carried out by 'H-NMR (400 MHz, DMSO-ds). As the 
results, It can be found that hydrolysis ratio at the ester portion of the vinyl benzoate unit was 100 %. 

65 
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(2) Synthesis of optical effective group 
Synthesis of 4-ethoxymothoxybenzaldehyde 
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In 500 ml of N t N-dimethylformamide was dissolved 100 g (0.82 mole) of hydroxybenzaldehyde 
(produced by Wako Junyaku K.K.), and 135 g (0.98 mole) of potassium carbonate was added thereto. The 
mixture was stirred at 50 *C for 2 hours. To the mixture was added 116 g (1.22 mole) of chloromethyl ethyl 
ether (produced by Tokyo Kasei K.K.), and the mixture was further stirred for 2 hours to obtain 125 g (yield: 
30 84.7 %) of a desired compound as colorless oil. b.p. 97 to 101 • C (0.05 mmHg). 

Synthesis of p-methylsulfone toluene 



35 



40 




CH3I 





In a mixed solution of 540 ml of methanol and 60 ml of water was dissolved 100 g (0.56 mole) of 
sodium p-toluenesutfonate (produced by Wako Junyaku K.K.), and 150 g (1.1 mole) of methyl iodide was 
added thereto. The resulting solution was refluxed by heating for 5 hours to obtain 77 g of a desired 
compound as colorless crystal. m.p. 84 to 85 • C. 

Synthesis of 4-methylsutfone bromornethylbenzene 
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In 50 ml of carbon tetrachloride, 10 g (0.059 mote) of p-methylsulfone toluene obtained in the above 
reaction was refluxed by heating with 11.5 g (0.065 mole) of N-bromosuccinimide and a small amount of 
15 benzoyl peroxide to obtain a desired compound. This compound was used in the next reaction without 
purification. 



Synthesis of diethyl 4-methylsulfone benzylphosphonate 



20 



CH2Br 
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O=S=0 
CH 3 



P(OEt) 3 



H 2 -P-<OEt) 2 



50 




in 6.7 g (0.04 mole) of triethyl phosphite and 100 ml of toluene. 10 g (0.04 mole) of 4-methylsulfone 
bromomethyJbenzene obtained in the above reaction was refluxed by heating to obtain a desired com- 
35 pound. 

Synthesis of 4-(ethoxymethoxyH , -methylsulfone stilbene 

40 ? /\ /\ 

CH 2 -P-<OEt) 2 O O N 
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In 400 ml of ethanol was dissolved 39 g (6.127 mole) of diethyl 4-methylsulfone benzylphosphonate 
obtained In the above reaction. To the solution was carefully added dropwise 2.9 g of sodium dissolved In 
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200 ml of ethanol under Ice-cooling. Next, after the mixture was allowed to stand until a temperature thereof 
became room temperature and stirred for a while, a solution of 23 g (0.128 mole) of 4-ethoxymethoxyben- 
zaldehydesynthesized in the above reaction dissolved in 100 ml of ethanol was added dropwise thereto. 
The resulting solution was stirred at room temperature for 10 hours to obtain 22 g (yield: 63 %) of a desired 
5 compound as white crystal. m,p. 147 to 148 • C. 

Synthesis of 4-hydroxy-4'-methylsulfone stiibene 



76 



20 



A mixture of 20 g (0.06 mole) of ^(ethoxymethoxyH'-^^hylsulfone stiibene obtained in the above 
reaction, 20 ml of hydrochloric acid and 200 ml of tetrahydrofuran was stirred at room temperature for 2 
25 hours to obtain 10.7 g (yield: 65 %) of a desired compound as white crystal. m.p. 224 to 225 ■ C. 

Synthesis of ^(ethoxycarbonylmethoxyH'-^Bthylsulfone stiibene 



t/~V J-\. 

H 3 C-S^ ^-CH«CH- ^ ^ -OH > 



35 
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H3C-S-^^^CH«=CH-^^^-OCH2COOEt 



To a solution of 20 g (0.073 mole) of 4~hydroxy-4'-methylsutfone stiibene obtained in the above reaction 
dissolved in 100 ml of N,N-dimethylformamide was added 18 g (0.13 mole) of potassium carbonate, and the 
45 mixture was stirred at 50 • C for 1 hour. Then, 13.5 g (0.081 mole) of ethyl bromoacetate was added 
thereto, and the mixture was further stirred for 1 hour to obtain 14 g (yield: 53 %) of a desired compound, 
mp. 188 to 189 *C. 



Synthesis of 4^hydroxycarbonylm8thoxyH , -methylsulfone stiibene 



50 



55 



15 



BNSOOCffit <EPL 



.049B184A2J_> 



EP 0 498 184 A2 



70 



25 



30 



35 



40 



H 3 C-|-^^^CH-CH-^^^-OCH2COOEt 



H 3 C- 0CH 2 C00H 



NaOH 

^ 



is To 14 g (0.0389 mole) of 4-(©thoxycarbonylmethoxy)-4 , * , nr>et h y !sutfon © stilbene obtained in the above 
reaction suspended in 500 ml of ethano! was added a solution of 2 g (0.05 mole) of sodium hydroxide 
dissolved in 200 ml of water, and the mixture was stirred at 80 • C for 2 hours to obtain 103 g (yield: 84 %) 
of a desired compound as white crystal, m.p. 229 to 230 * C. 



20 Synthesis of acid c hloride of ^(hydroxycarbonylmethoxyH^ethylsulfone stilbene 

J yr-TV zt-tv (COCl)2 

if 

O 



H3C-|-^^^-CH«=CH-^^^-OCH 2 COOH 



H 3 C-S-^^^-CH=CH-^^^OCH 2 COCl 



A mixture of 8.9 g (0.0268 mole) of 4Khydroxywrt)onylmethoxy)-4 , -n^thylsuifonestilbene obtained in 
the above reaction, 20 ml of oxalic acid chloride and 200 ml of sulfolane was stirred at 80 *C for 5 hours. 
Then, benzene was added thereto, and excessive oxaGc acid chloride was removed by azeotropy to obtain 
a sulfolane solution of acid chloride. 

(3) Introduction of optical effective group into hydrolyzate 



in 100 ml of sulfolane was dissolved 15 g of the hydrolyzate of the above vinylidene cyanide-p- 
methylcarbonyloxybenzoic acid copolymer at 80 *C. To the solution was added the sulfolane solution of the 
45 acid chloride obtained *m the above (2) and further added 0.5 g (6.3 x 1(T 3 mote) of pyridine. The mixture 
was stirred at 60 * C for 5 hours. Next, the reaction mixture was poured Into methanol, and a polymer 
precipitated was collected by filtration and washed with methanol several times, followed by drying under 
reduced pressure, to obtain 2.5 g of a polymer represented by the formula shown below. 

This polymer had a glass transition temperature of 190 *C. A molecular weight of the resulting polymer 
50 was measured by using GPC (gel permeation chromatography) and N^Wimethylformamkle as a solvent, 
and as the results, the polymer had a molecular weight (Mw) of 450,000. 

1 H-NMR chart of the resulting polymer Is shown In Rg. 2. A ratio of each unit of the polymer 
determined based on the result Is shown In the following structural formulae. 
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CN 

-tC-CH 2 -CH-CH 2 7-0.77- J 
CN 0-C-^^^-0-C-CH 2 -0-^^^-CH-CH-^^^-S-CH 3 



>o CN 
I 

-tC-CH 2 -CH-CH 2 H . 23- 
CN O-C-V VOH 



20 Example 5 

The polymer synthesized in Example 4 was dissolved in dimethylsulfoxide and the solution was coated 
on a NESA glass by spin coating and dried under reduced pressure to obtain a thin film. Corona 
polarization was subjected to the spin coat film. 
25 With regard to the spin coat film thus polarization processing, measurement of secondary nonlinear 
optical constant (d 3 3> was carried out according to the method of Jerphagnon et al. (J. Appl. Phys., 41. 
1967 (1970)). The results are shown in Table 2. 
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Table 2 


Polarization 


Secondary nonlinear opti- 


temperature ( *C) 


cal constant 643 (pm/v) 


Polymer of Example 4 180 


35 


190 


43 


200 


55 



50 



The organic nonlinear optical material of the present invention has large nonlinear optical effect and yet 
is excellent in molding processability so that it is useful for an optical material such as optical wavelength 
conversion element, optical shutter, optical deflection element, light strength or phase modulation element 
and high speed light switching element and thus can be widely applied to the fields of optical communica- 
tion, optical information processing and optical processings. Also, the organic nonlinear optical material of 
the present invention is excellent not only in the wavelength conversion or electrooptic effect but also 
piezoelectric or pyroelectric effect so that it can be widely applied to speaker, headphone, ultrasonic wave 
element, various kinds of sensors such as impact sensor and acceleration sensor, and various kinds of 
detectors such as infrared sensor, crime prevention sensor, temperature sensor and fire detection. 

Claims 



1. An organic nonlinear optical material which comprises a polymer having the following constitutional 
units, in amounts of 5 to 100 mole % of 0) and 0 to 95 mole % of (II), and a weight average molecular 
55 weight (Mw) of the polymer being 10,000 to 2,000,000. 



17 



BNSOOOD: *EP O4061B4A2J_> 



EP 0 498 184 A2 



CN 
I 

HC-CH 2 -CH-Ctt2*- (I) 
CN O-C-f \-O-C-KCH2hn-0hl-X-A 

70 wherein m represents an integer of 1 to 10, n represents 0 or 1 , X represents 



-0- . -QQ . ^CH-CHhQI , 

where Y represents hydrogen, fluorine, chlorine, bromine, iodine, -NO2, -CN, -CF 3 or -SCfe-CpHzp+i, 
and A represents -NO2, -CN, -CF 3 or -SCVCpHzpM where p represents an integer of 1 to 10, 
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45 



CN 
I 

-fC~CH 2 -CH-CH 2 )- (II) 
CN O-C-^ VOH 



2. The material according to Claim 1 , wherein both m and n are 1. 

3. The material according to Claim 1 , wherein X is 



4. The material according to Claim I, wherein A Is -NO2. -CN, -CF 3 or -SO2CH3. 

55 

5- The material according to Claim 1, wherein an amount of said unit (0 is 50 to 100 mole % and an 
amount of said unit (II) is 0 to 50 mole %. 
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6. The material according to Claim 1, wherein the weight average molecular weight (Mw) of said polymer 
is 500,000 to 1,000,000. 

7, The material according to Claim 1, wherein the polymer is a film or sheet and stretched to 2- to 6-fold. 

a The material according to Claim 7, wherein the polymer is a film or sheet polarized by applying a 
current voltage of 10 kv/cm or more. 
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© Organic nonlinear optical material. 

© TTiere is disclosed an organic nonlinear optical material which comprises a polymer having the following 
constitutional units, in amounts of 5 to 100 mole % of (I) and 0 to 95 mole % of (II), and a weight average 
molecular weight (Mw) of the polymer being 10,000 to 2,000,000. 

CN 

-fC-CH 2 -CH-CH 2 i- (I) 
CN 0-C- /~\ <>-C-HCH2 hs-Ohi-X-A 

o o 

wherein the symbols represent the same meanings as defined in the specification. 
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CN 

-fC-CH 2 -CH-CH 2 >- (ID 
CN o-c-i V-OH 



40 



A nonlinear optical element has large nonlinear optical effect and yet is excellent in molding processabil'rty 
so that it can be widely applied to the filed of optical processings. 
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